In 
Introduction
There is a great emphasis about power quality and in particular the issue of harmonic distortion primarily due to the incorporation of more non-linear loads in a typical industrial plant [1] . Further, power electronic based devices are widely being used for inversion, rectification and other applications. Though these devices are more effective they generate and inject harmonics into the power system. Traditionally, efficiency investigations in power systems consider only distortion-free waveforms, that is, the voltage and current waveforms are assumed to be sinusoidal. A harmonic is a sinusoidal component of a periodic wave having a frequency that is an integral multiple of the fundamental frequency. The main sources of harmonics in power systems has been the static power converter used as rectifiers, adjustable speed drives, switched-mode supplies, frequency changers for induction heating. Since nonlinear loads represent an everincreasing percentage of the total load of an industrial or commercial power system, harmonic studies have become an important part of overall system design and operation. Fortunately, the available software for harmonic analysis has also grown. Guidelines for the acceptance of harmonic distortion are well-defined in IEEE Standard 519-1992. By modeling power system impedances as a function of frequency, a study can be made to determine the effect of the harmonic contributions from nonlinear loads on the voltages and currents in the power system. The current paper is structured as follows: In Section II, the purpose of harmonic study and its effect are discussed. The test system investigated for harmonic analysis and methods used for harmonic reduction are given in Section III. The implementation of passive filters for harmonic content reduction is given in Section IV. The simulation results are given in Section V & conclusion in Section VI.
Harmonic Sources and its Effect
An adjustable speed drives (ASD) consists of two main components -the drive and the motor it controls. Each component has an efficiency rating. When an ASD is connected to a power system it absorbs power (P1) at fundamental frequency (f1) from the network source while at the same time injecting harmonics into the system producing powers at h>1 in the network components. A further concern is that power networks contain capacitor banks and have the potential to cause harmonic resonance. The generated harmonic frequencies are dependent upon the type of nonlinear load which generally produce odd harmonics. Industrial harmonic studies are usually represented on a singlephase basis, i.e., based on the assumption that the system is balanced and positive sequence analysis applies. Harmonic study is done in Compliance with IEEE Std 519-1992, which defines the current distortion limits and Voltage distortion limits for the system design which should be met at the point of common coupling (PCC) with the utility [5] . This holds relevance in plant expansion where significant nonlinear loads are added, power factor compensation is implemented to meet the reactive power demands and harmonic performance limits. The ill-effects of harmonics are increased if resonance occurs where the harmonic frequency produced by a non-linear load closely coincides with a power system natural frequency. Parallel resonance occurs when the natural frequency of the parallel combination of capacitor banks and the system inductance coincides near a harmonic frequency and it can lead to undesirable over voltages.
Figure 1. One Individual ASD
Some of the common adverse consequences of harmonics on power system performance are increased losses within the equipment and associated cables and lines, pulsating and reduced torque in rotating equipment, premature aging due to increased stress in the equipment insulation, increased audible noise from rotating and static equipment, substantial amplification of currents and voltages due to resonances, and communication interference due to inductive coupling between power and communication circuits. In a three-phase system the characteristic harmonic currents are 
The total harmonic distortion (THD) is a measure of the effective value of the harmonic components of a distorted waveform. It can be calculated for either voltage or current distortion as follows: 
Power System Model under Study
The test system was designed using Mi Power Software taking IEEE 519-1992 into consideration [5] . The 8 bus system consist of three series capacitor for reducing fault level, four transformers each rated to 10 MVA, four current sources to inject current harmonics into the system, one grid having a fault level of 350 short circuit MVA rating. A basic load flow using Fast Decoupled method is done to get the actual current flowing through the load based upon which the harmonic currents are calculated. Various harmonic currents were injected into the system to get the outputs for current and voltage distortions and individual contributions from various harmonic loads. These distortions must be restricted to the values as provided in IEEE 519 standard either individually and as a whole particularly at PCC. The limits for voltage distortion as given in IEEE 519 harmonic standards are provided in Table 1 Table 2 similarly gives the current distortion limits. I SC =Maximum short circuit current at (PCC) point of common coupling, I L = Maximum demand load current (fundamental frequency component) at PCC and h = harmonic order and TDD is the total root-sumsquare harmonic current distortion, in percent of the maximum demand load current (15 or 30 min demand). 
Implementation
Passive harmonic filters are the commonly used and widely implemented for harmonic voltage and current distortion [3, 7] . These can be installed in any industrial power system to act alone or in combination with phase shifting transformers. Passive single tuned filters are considered to be the simplest and effective solution for reducing harmonics distortion as advance techniques like magnetic flux compensation, pulse width modulated static Var harmonic compensators are practically not available for implementation . The most commonly used passive filters are single tuned type connected in shunt with the main distribution system and is tuned to provide low impedance to a particular harmonic frequency thereby diverting the harmonic currents [8] . These filters consist of reactor and capacitor and the quality factor (Q) of the filter determines the sharpness of tuning. Typical value of Q generally ranges from 30-60 which plays a vital role in filter designing. Where P is active power of the load, pf 1 is actual power factor and pf 2 is the desired power factor that helps to determine the filter size. The quality factor is taken as 40 and details of MVAR of the filter are given to get the desired value of R (ohms), L (Henry) and C (Farad) for the suppression of 5 th and 7 th harmonic distortion.
Simulation & Results
The test system is simulated and the results depicts that the harmonic distortion is found to be exceedingly high in the 6 Figure 3 . The filter parameters used to limit the harmonic distortion are given in the table below: 
Figure 3. Simulation Diagram of the Test System
The graphs indicating the overall harmonic reduction considering the dominant 5 th and 7 th harmonic component at the concerned buses are given in figure 4-13. Case A depicts the results without connecting the filters and case B gives the results with filters connected at Bus 6, 7 and 8 that clearly indicates the improved system performance. Table 4 gives the detail simulation result for individual voltage harmonic distortion considering different harmonic order without filters. Table 5 gives the detail simulation result for total voltage harmonic distortion in all the three phases of ac system without filters connected to the test system. HDF is the measure of harmonic distortion factor whose average value is computed for each bus. Table 6 gives the detail simulation result for total current harmonic distortion where I-THD gives the current distortion values in %. Table 8 gives the detail simulation result for total voltage harmonic distortion in all the three phases of ac system with filters connected at bus 6, 7 and 8 in the test system. The results show an overall reduction in harmonic voltage distortion level by proper sizing and parameter selection of the single tuned passive filters. Table 9 gives the detail simulation result for total current harmonic distortion and it is evident from the values of I-THD the inclusion of filters have reduced the overall current distortion is the test distribution system. 
Conclusion
This paper provides a detailed approach to design single tuned passive filters to mitigate the adverse effect of harmonics. The harmonic level has a great effect on the performance of system components and this paper presents the proper selection of single tuned passive filter parameters (R, L and C) and its design to improve system performance by suppressing the dominant 5 th and 7 th order harmonics. The simulation results depicts that by using passive filters the voltage distortion at main panels-PCC is reduced from 7.13 to 1.01 and current distortion from 27.85 to 0.64. The software also helps in selecting the location of passive filters to optimize system performance and also suggest a detailed filter designing based upon the filter performance. So, it can be concluded that the model simulated and considered in this study is suitable for performing harmonic analysis and the results obtained meet the recommended IEEE 519 harmonic standards.
